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Abstract: A circular sharp-crested weir is a circular control section used for measuring flow in 
open channels, reservoirs, and tanks. As flow measuring devices in open channels, these weirs are 
placed perpendicular to the sides and bottoms of straight-approach channels. Considering the 
complex patterns of flow passing over circular sharp-crested weirs, an equation having 
experimental correlation coefficients wasusedto extract a stage-discharge relation for weirs. 
Assuming the occurrence of critical flow over the weir crest, a theoretical stage-discharge relation 
was obtained in this study by solving two extracted non-linear equations. To study the precision of 
the theoretical stage-discharge relation, 58 experiments were performed on six circular weirs with 
different diameters and crest heights in a 30 cm-wide flume. The results show that, for each stage 
above the weirs, the theoretically calculated discharge is less than the measured discharge, and this 
difference increases with the stage. Finally, the theoretical stage-discharge relation was modified 
by exerting a correction coefficient which is a function of the ratio of the upstream flow depth to 
the weir crest height. The results show that the modified stage-discharge relation is in good 
agreement with the measured results.  
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1 Introduction 
Regardless of their performance, properties, ages, or conditions, it should be noted that 
weirs are engineering structures that have to function in difficult conditions (Rickard et al. 
2003). As one of the main components of dam-buildings and water projects, weirs are 
important structures built for various purposes. Two of the most important functions of weirs 
are measurement of water discharge and adjustment of the water level in primary and 
secondary channels. Considering the complex work they do, weirs should be strong, reliable, 
and highly efficient so that they can readily be put to use. Broad-crested, sharp-crested, 
cylindrical-crested, and ogee weirs are the most common types of weirs. The advantages of 
circular sharp-crested weirs are that the crest can be turned and beveled with precision in a 
lathe, and more particularly that they do not have to be leveled (Bos 1989). 
According to different standards, weirs can be classified into different categories. For 
example, weirs are of the following types: primary, ancillary, or emergent based on their 
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performance, and overflow, chute, or tunnel based on structural components. With 
consideration of the type of entrance weirs, they are classified as siphon, lateral, orifice, and 
morning-glory weirs. 
Although much research has been done on sharp-crested weirs, there are few studies that 
have focused on circular sharp-crested weirs. A circular control section located in a vertical 
thin plate, which is placed at a right angle to the sides and bottom of a straight-approach 
channel, is defined as a circular thin plate weir. Circular sharp-crested weirs, in practice, are 
fully contracted so that the bed and sides of the approach channel can be sufficiently remote 
from the control section to have no influence on the development of the nappe (Bos 1989). 
Also, a circular orifice installed at the end of the discharge pipe would be running partly for 
most of time and became a circular weir (Steven 1957). 
Greve (1924) analyzed sharp-edged circular weirs and showed that if the cross-section 
upstream of the weir is large, the depth of water nearly reaches the energy head. He developed 
an empirical equation between discharge and energy head. Greve (1932) investigated the 
characteristics of flow through circular, parabolic, and triangular weirs with diameters ranging 
from 0.076 m to 0.76 m. Panuzio and Ramponi (1936) (reported in Lencastre (1961)) investigated 
circular sharp-crested weirs and developed a different equation for the overflow with a 
discharge coefficient ȝ being a function of the relative depth. Staus (1931) determined 
experimental values for a discharge coefficient, which is a function of the filling ratio, of 
circular sharp-crested weirs with different weir diameters. Stevens (1957) derived a function 
relationship between the theoretical discharge and water head in terms of the complete elliptic 
integrals of the first and second kinds. This complex equation is not very suitable for practical 
purposes. Stevens also tabulated his solution. Rajarathnam and Muralidhar (1964) investigated 
the end depth in a cylindrical channel. They proposed a function between discharge and the 
water depth at the end of the channel. Vatankhah (2010), using experimental data, presented a 
theoretical discharge equation and a suitable discharge coefficient equation for a circular 
sharp-crest weir. Thus, actual discharge can be computed via his proposed equations. With a 
theoretical formula, the relationship between discharge and the wetted area for free overflow in 
a semi-circular channel was developed by Qu et al. (2010). Their results provide a basis for 
circular weir development. 
Although a handful of simple and accurate equations in the technical literature can be 
used to analytically predict the stage-discharge relation for circular weirs, due to the complex 
patterns of the flow passing over circular sharp-crested weirs, the stage-discharge relation for 
these weirs cannot be estimated merely analytically. In order to extract a stage-discharge 
relation for weirs, it is necessary to apply an equation having experimental correction 
coefficients. Assuming the occurrence of critical flow over a weir crest, in this study, a 
theoretical stage-discharge relation was obtained by solving two non-linear equations. To 
modify the relation, an experimental correction coefficient, which was a function of the ratio of 
the flow depth of the upstream canal to the height of the weir crest and was obtained from 
experimental results, was applied. 
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2 Materials and methods  
2.1 Governing equations 
For a circular sharp-crested weir, the discharge is given by Panuzio and Ramponi (1936) 
(reported in Lencastre (1961)) as follows: 
 5 2Q Dμϕ=  (1) 
where D is the diameter (dm), Q is the discharge (dm3/s), ϕ  is a function of the water level, 
and μ  is the discharge coefficient, calculated from Eq. (2), in which h is the water head: 
 0.555 0.041
110
D h
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μ = + +  (2) 
Panuzio and Ramponi (1936) obtained another equation for circular weirs with the distance 
between the lowest points of weirs and the bottom of the canal ranging from 0.4 m to 0.8 m: 
 2Q S ghμ=  (3) 
where S is the flow area between the crest and the free surface related to the water head h, and 
g is the gravitational acceleration. μ  was obtained from the following formula: 
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where S ′  is the canal flow area.  
In this study, assuming that the flow depth reached the critical depth while flowing 
downward over the weir, for circular channels, the values of flow discharge and total head 
above the weir crest were calculated from Eqs. (5) and (6), respectively (Chow 1959): 
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where H is the total head upstream of the weir, cA  is the flow area between the weir crest and 
the free surface specified to a critical depth cy , cT  is the width of the water surface over the 
weir crest specified to the critical depth, and cθ  is the central angle of the circular weir 
corresponding to the critical depth. 
A theoretical stage-discharge relation is obtained by substituting hypothetical values of 
cθ  in Eqs. (5) and (6). 
2.2 Experimental setup 
To examine the precision of the theoretical stage-discharge relation, this study made six 
circular weirs with different diameters (D = 15 cm, 20 cm, and 25 cm) and different crest 
heights (P = 20 cm and 25 cm). The weirs were sharp-crested and made of plexiglas materials. 
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In the hydraulic laboratory of the Department of Water Engineering in Razi University, 
58 experimental tests were performed on these weirs at different discharge values in a 9 m-long, 
0.30 m-wide, and 0.55 m-high flume. Weir characteristics and flow conditions in the experimental 
tests are provided in Table 1. 
Table 1 Weir characteristics and flow conditions in experimental tests 
No. 
Upstream 
flow depth 
(m) 
Discharge 
(L/s) 
Weir 
diameter 
(m) 
Crest 
height 
(m) 
No. 
Upstream 
flow depth 
(m) 
Discharge 
(L/s) 
Weir 
diameter 
(m) 
Crest 
height 
(m) 
1 0.203 0.045 0.20 0.201 30 0.320 14.696 0.25 0.198 
2 0.232 1.306 0.20 0.201 31 0.269 0.588 0.20 0.250 
3 0.247 2.409 0.20 0.201 32 0.290 1.811 0.20 0.250 
4 0.263 3.871 0.20 0.201 33 0.303 2.870 0.20 0.250 
5 0.276 5.350 0.20 0.201 34 0.313 3.841 0.20 0.250 
6 0.286 6.712 0.20 0.201 35 0.327 5.430 0.20 0.250 
7 0.295 8.000 0.20 0.201 36 0.342 7.428 0.20 0.250 
8 0.309 10.139 0.20 0.201 37 0.353 9.089 0.20 0.250 
9 0.324 12.901 0.20 0.201 38 0.373 12.532 0.20 0.250 
10 0.335 15.060 0.20 0.201 39 0.383 14.458 0.20 0.250 
11 0.338 15.677 0.20 0.201 40 0.26 0.353 0.15 0.250 
12 0.215 0.381 0.15 0.203 41 0.276 1.095 0.15 0.250 
13 0.238 1.465 0.15 0.203 42 0.286 1.671 0.15 0.250 
14 0.250 2.276 0.15 0.203 43 0.297 2.402 0.15 0.250 
15 0.261 3.113 0.15 0.203 44 0.311 3.484 0.15 0.250 
16 0.276 4.392 0.15 0.203 45 0.321 4.359 0.15 0.250 
17 0.294 6.260 0.15 0.203 46 0.333 5.521 0.15 0.250 
18 0.310 8.243 0.15 0.203 47 0.346 6.920 0.15 0.250 
19 0.318 9.298 0.15 0.203 48 0.365 9.225 0.15 0.250 
20 0.333 11.441 0.15 0.203 49 0.375 10.563 0.15 0.250 
21 0.215 0.461 0.25 0.198 50 0.274 0.865 0.25 0.248 
22 0.227 1.096 0.25 0.198 51 0.287 1.772 0.25 0.248 
23 0.239 1.986 0.25 0.198 52 0.297 2.684 0.25 0.248 
24 0.250 3.028 0.25 0.198 53 0.309 4.024 0.25 0.248 
25 0.263 4.536 0.25 0.198 54 0.320 5.490 0.25 0.248 
26 0.277 6.496 0.25 0.198 55 0.333 7.513 0.25 0.248 
27 0.286 7.940 0.25 0.198 56 0.346 9.852 0.25 0.248 
28 0.305 11.462 0.25 0.198 57 0.359 12.507 0.25 0.248 
29 0.317 14.017 0.25 0.198 58 0.365 13.839 0.25 0.248 
The height of the water surface above weirs was measured with a point gauge device with 
a precision of 0.1 mm. The flume discharge was measured after drainage of water inside a 
cubic metal tank equipped with a triangular weir with a notch angle of 53°. The pumping 
system supplied a maximum discharge of 15 L/s. Fig. 1 shows the experimental setup. 
 Rasool GHOBADIAN et al. Water Science and Engineering, Mar. 2012, Vol. 5, No. 1, 26-33 30
 
Fig. 1 Plan view of experimental setup (Unit: m) 
3 Results and discussion 
The stage-discharge relations calculated by Eqs. (5) and (6), along with those measured 
using weirs with different diameters (D) and different crest heights (P), are illustrated in Fig. 2. 
As seen in the figure, for each upstream stage of the weir, the theoretically calculated 
discharge is less than the measured value, and this difference increases with the stage. 
 
Fig. 2 Calculated (before modification) and measured stage-discharge relations for weirs with different 
diameters (D) and crest heights (P) 
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To modify the calculated stage-discharge relation (Eqs. (5) and (6)), a correction 
coefficient was defined as m cC Q Q= , where cQ  and mQ  were calculated and measured 
discharge for the same upstream stage of the weir, respectively. 
Using genetic programming, Eq. (7) can be obtained to calculate the correction 
coefficient. The coefficient of determination (R2) of Eq. (7) is 0.889 3. The application limits 
for Eq. (7) were 1y P  between 1 and 1.7 and the maximum flow discharge was equal to 15 L/s. 
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For each of the 58 tests performed, the values of C are plotted against the ratios of the 
upstream flow depth to the weir crest height ( 1y P ) in Fig. 3. 
 
Fig. 3 Changes of correction coefficient (C) against ratio of upstream flow depth to weir crest height 
Following calculation of C, a calculated discharge value was obtained from the following 
equation, which is a modified form of Eq. (5): 
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Measured discharge values are plotted against modified calculated values in Fig. 4, 
indicating a high precision of Eq. (7) in determining the correction coefficient C. 
Additional evidence of the precision of Eq. (7) in determining the correction coefficient is 
the comparison of the measured stage-discharge relation with the calculated one presented 
in Fig. 5. 
In order to compare the results from the present study with those of earlier research, the 
discharge values measured and calculated using Eq. (8) and the equation presented by Panuzio 
and Ramponi (Eq. (3)), respectively, are shown in Fig. 6, for weirs with D = 0.25 m and P = 
0.25 m, and D = 0.15 m and P = 0.15 m. 
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      Fig. 4 Measured discharge values vs. values        Fig. 5 Stage-discharge relations measured and 
               calculated with Eq. (8)                     calculated with Eqs. (6) and (8) for weir 
                                                          with P = 0.2 m and D = 0.2 m 
 
Fig. 6 Comparison of measured and calculated discharge values using Eq. (8) and Eq. (3) 
As observed, the discharge values calculated from Eq. (3) are always slightly lower than 
measured values, while Eq. (8) presented in this study estimates the discharge values with high 
precision. 
4 Conclusions 
A new method for determination of the stage-discharge relation for circular sharp-crested 
weirs is outlined in this study. Assuming the occurrence of critical flow over the weir crest, a 
theoretical stage-discharge relation was obtained in this study through solutions of two 
extracted non-linear equations. The calculated discharge, using the proposed relationship, is 
less than the measured discharge, and this difference increases with the stage. Using the data 
from 58 experiments performed on six circular weirs with different diameters and crest heights 
in a 30 cm-wide flume, a correction coefficient was extracted, which is a function of the ratio 
of the upstream flow depth to the weir crest height. The modified stage-discharge relation, 
after application of the correction coefficient, shows good agreement with the data sets 
derived from experiments.  
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